Atorvastatin inhibits expression of minichromosome maintenance proteins in vascular smooth muscle cells.
3-Hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors have been reported to inhibit vascular smooth muscle cell growth, a key event in the pathogenesis of proliferative vascular diseases. The mechanism by which HMG-CoA reductase inhibitors exert their antiproliferative activity is not fully understood, especially their effect on DNA replication. We therefore investigated the effects of atorvastatin on minichromosome maintenance (MCM) protein 6 and 7 expression in vascular smooth muscle cells, two proteins essential for initiation of DNA replication. Stimulation of quiescent rat aortic vascular smooth muscle cells with fetal bovine serum induced MCM6 and MCM7 protein and mRNA expression, which was potently attenuated by atorvastatin in a dose-dependent fashion. Mevalonate completely abrogated the inhibitory effect on serum-induced MCM6 and MCM7 expression, demonstrating that biosynthesis of isoprenoids was likely the specific pathway blocked by atorvastatin. Transient transfection experiments revealed that atorvastatin inhibited MCM6 and MCM7 promoter activity, implicating a transcriptional mechanism. The MCM6 and MCM7 promoters contain several E2F sites critical for their transcriptional activation. Activity of a luciferase reporter plasmid containing four E2F elements was also strongly inhibited by atorvastatin. The inhibitory effect of atorvastatin on MCM6 and MCM7 was reversed by adenoviral-mediated overexpression of E2F, indicating that their downregulation by atorvastatin involves an E2F-dependent mechanism. These findings demonstrate that MCM proteins play an essential role during the proliferation of vascular smooth muscle cells and may provide a novel therapeutic target for proliferative vascular diseases. Inhibition of MCM6 and MCM7 expression by blocking E2F function may contribute importantly to the inhibition of vascular smooth muscle cell DNA synthesis by atorvastatin.